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Executive Summary – Mohammad Aldhefiri 
This project involved finding and assessing a product that could be used as a snow 
substitute in places where real snow is scarce and where and a substance that has chemical 
properties to not melt with temperatures in southern climates in the United States. Such a 
material is commonly termed "polymer snow" and has resemblance to real snow. Furthermore, 
we have attempted to develop and improve the effective application of this snow product. The 
project has made a use of a chemical compound to create the polymer snow. The three 
compounds that were considered as possibilities for the project are: sodium polyacrylate 
(NaPA), C90, and foam based products. C90 can be viable for the project as it is inexpensive and 
paper-based, making it a very environmentally friendly option, but it was not tested. Foam 
products were considered but not chosen because of their poor properties. The best choice for 
the project was NaPA, a super-absorbent polymer that has the ability to absorb large quantities 
of water, up to 800 times its original mass (CMU 1). This polymer product has excellent 
resistance to heat, cold, wind, and sunlight thereby making it useful in outdoor settings. 
The group made a decision to use NaPA. The permanency of the product was 
determined by testing its resilience to the environmental circumstances commonly associated 
with different weather conditions. With this rationale in mind, our group put NaPA through a 
series of tests to determine the polymer’s resistance to heat, cold, wind, and ultraviolet 
rays/sunlight. The experimental results showed that there was no significant water loss during 
the heating. From these results the concluded that NaPA would likely resist degradation at 
temperatures normally reached in warmer climates.  
P a g e  | 7 
 
A second test was conducted to determine the capacity of sodium polyacrylate to resist 
cold. The results indicated no loss in the mass and that the wet polymer acted like water and 
froze. Additionally, the frozen NaPA samples were returned to room temperature; the 
consistency and form of the compound was the same as it was before it was frozen. Hence, the 
polymer was deemed to behave appropriately over a practical range of temperatures. 
According to our experiment, sodium polyacrylate was shown to have the best results 
for a product and is, therefore, ideal for the creation of a snow-like substance. The sodium 
polyacrylate polymer was found to be effective at providing satisfaction for the consumers and 
the producers. Thus, the project creates a baseline which recommends the use of NaPA to as 
the primary compound in the production of artificial snow.   
 
Scope of Work – Mohammad Ali 
The aim of the project was to develop an artificial snow. This involved the making of 
polymer snow which looks like real snow. The group intended to make a snow product that has 
resistance to melting as per the typical temperatures experienced in the US southern climates. 
The stand out aspect of the snow product is that; it is non-toxic and easy to remove from the 
ground when not needed. Furthermore, the project aims at developing an improvement in the 
effective application of the snow product. Moreover, the project targets to provide a winter like 
appearance in certain places. 
Design of the Study Problem  
The project required the development of a product that meets the customer 
expectations by delivering an affordable product. Hence, the group was tasked with ensuring 
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the compounds used to develop the product meet the expectations. It is crucial to consider all 
the available products that can be incorporated in making the snow product. The group 
researched on the most appropriate decision regarding the material to be used. Then selected 
few of the wide ranges of materials. From the consultation and background research, the team 
arrived at three polymers which include; C90, Sodium and Polyacrylate. All the three products 
denote properties which can be utilized in meeting the requirements of the product. NaPA 
proved to the relatively more acceptable product to be used in manufacturing the product. 
Constraints of the Study  
The target of the project was to have a product which is environmental friendly and 
relatively cheap and available in the market. The constraints of the study were addressed by 
looking into the most appropriate polymer to be used as discussed below. 
Our polymer is made of sodium polyacrylate which is a polymer that easily absorbs in 
water making it easy to make the snow like product. The alternatives for the design adopted 
depend on the applicator used or the process taken in the application. The key target is to 
ensure the product is properly tested to ensure that it last at least one week without degrading. 
The product is meant for outdoor decoration thereby susceptible for reactions in the outside 
environment.  
People tend to purchase a product they consider to be worth their money. Hence, it was 
crucial to invest time and effort in the project to come up with the appropriate, product. 
Thereby, the group decided to test the efficacy of NaPA. Temperature is one of the key factors 
which determine the capacity of the polymer to be applied in making the snow product. The 
selected range of temperatures determines the optimum capacity of the polymer.  
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A second test was essential to determine the capacity of sodium polyacrylate/water 
mixture to resist cold. The third aspect being tested is wind. The samples were placed on a flat 
surface in front of a fan then turned on the fan to see if the air generated would blow the 
product away. The fan used in the experiment has setting variations to cater to the various 
aspects of wind likely to be experienced outdoors. 
The final test was conducted to determine the resistance of the polymer to sunlight. The 
mixtures were then placed in prolonged sunlight and open containers (Seeds 2). Water was 
added back to the product trials and found that they returned to their snow-like appearance. 
The results of the experiment show that the product has the potential to lose water within a 
duration of up to nine days. Furthermore, it was hard to effectively conduct the project because  
of the inability to test all the three possible key ingredients. 
 
Introduction 
There are many artificial snow products on the market, but many of them suffer from 
one of two major issues. Either they don’t properly mimic the qualities of snow, or they are 
they are impractical to actually use. Many artificial snow products come in aerosol cans, but 
these tend to have very foamy or very chalky textures, with no middle ground. These also tend 
to come in relatively small quantities, so someone attempting to decorate their yard would 
have a hard time. Other types of artificial snow products include C90, a paper-like product used 
in movies, and sodium polyacrylate (NaPA), a super absorbent polymer. These can provide a 
wide range of snow textures, from soft and fluffy to heavy and wet. However, products like 
these are usually sold in bulk quantities, without any applicator attached. So consumers will 
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ultimately buy more product than they’ll ever need, and also will have a difficult time using it. 
The core of this project was to see if it was possible to combine the two best qualities of each of 
these products, the snow like-texture of bulk quantity products with the convenience of aerosol 
artificial snow. 
The two parts of this design that needed to be examined were the applicator and the 
artificial snow. There were dozens of compounds we could use to mimic snow. The 
aforementioned sodium polyacrylate and C90, menthol, baking soda mixtures, flour, and fire 
extinguisher foam. There were also dozens of applicators we could use, from fertilizer 
spreaders to aerosol cans to weed sprayers.  
We needed to narrow down our options into a product that had snow-like qualities, and 
that’s environmentally and consumer friendly. At first, we looked into mixtures of compounds 
and creating our own product from scratch. Both of these ideas were dropped due to time 
constraints. Then we narrowed down our list of materials for potential snow products. 
Ultimately, the group decided on sodium polyacrylate as our snow product, as it was cheap and 
mimicked the snow best out of all the materials we’d seen. Next, we narrowed down our types 
of applicators. We felt that aerosol cans and weed sprayers would be too impractical, as they 
are not well equipped to handle the polymer. Things like fertilizer spreaders and mud guns 
appeared to be better, but then the consumer would have to spend extra money to buy or rent 
said equipment. In the end, the group decided to simply use a bucket. There was no real reason 
to reinvent the wheel. The majority of consumers are already pretty happy with the bulk 
product as is. However, during our experiments, the mud gun proved to be suitable when it 
P a g e  | 11 
 
came to the application of the NaPA. Future work will include further research into this and 
similar applicators such as texture guns. 
 
Base Case – Jacob Paulson 
It was imperative to determine if NaPA could meet the standards necessary to compete 
in the outdoor decorative snow market. In order to do this, we needed to test how 
environmental factors impacted our product and also how efficiently we could apply our 
product. This was important because if the product did not reach the environmental constraints 
then it could not practically be used outdoors. It was also important to try and find an 
applicator that could efficiently apply our product because in general people are willing to buy 
something if they think that it is worth it for the money and time spent. With this line of 
thinking we decided to put NaPA to the test. We tested how it reacted to heat, cold, wind, 
sunlight, and simply being outside in order to address the environmental concerns. Then we 
tested two methods of application to determine the ease of application.  
To determine the longevity of the product we needed to discover how it reacted to the 
environmental constraints that are typically found in warmer climates. With this in mind, we, 
put the NaPA through a series of tests that examined its resistance to heat, cold, ultraviolet rays 
or sunlight, and wind. We tested its resistance to heat by mixing approximately 7.26 grams of 
the snow product with 50, 75, 100, 125, and 150 percent of the recommended water which was 
64, 93, 122, 151, and 180 grams, respectively. Into separate 250 mL beakers and heating up 
each of them on a hot plate from approximately 68°F to 140°F.  We then weighed the samples 
again to see if there was any water loss. What we found was that there was minimal water loss 
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for all of the mixtures over the course of 20 minutes. In fact, there was no water lost for the 50, 
125, and 150 percent options and the 75 and 100 percent options only lost 2 grams and 1 gram, 
respectively. Figure 1 through Figure 10 (below) contain the before and after photos of the heat 
experiment. From these results we found that NaPA has a good amount of resistance to heat 
and could likely withstand the temperatures that it reaches in warmer climates. We also found 
that there was no color change and no change to the overall consistency for any of the trials.  
 
Figure 1 and 2: Above (from left to right) are the before and after photos of the 75% recommended 
water heat tests. 
  
Figure 3 and 4: Above (from left to right) are the before and after photos of the 75% 
recommended water heat tests.  
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Figure 5 and 6: Above (from left to right) are the before and after photos of the 100% 
recommended water heat tests.  
Figure 7 and 8: Above (from left to right) are the before and after photos of the 125% 
recommended water heat tests.  
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Figure 9 and 10: Above (from left to right) are the before and after photos of the 150% 
recommended water heat tests.  
The second test that we ran was to see how resistant the NaPA was to cold. For this test 
we began by mixing approximately 7.26 grams of the snow product with 50, 75, 100, 125, and 
150 percent of the recommended water which was 64, 93, 122, 151, and 180 grams, 
respectively. Into separate 250 mL beakers and placing each into a freezer and seeing how they 
reacted as their temperature dropped from approximately 68°F to below 32°F. Product lost 
none of its mass again, but it did act like water and froze. We then let the 5 trials return to 
room temperature and found that the consistency returned to what it had been before it was 
frozen. This showed that the NaPA acts similar to water when put under cold conditions but 
was able to get back to the proper consistency when the temperature was elevated. It also tells 
us that this product is resistant to a practical range of temperature. 
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The third aspect that we tested was how well the product resisted wind. For this test we 
began by mixing approximately 7.26 grams of the snow product with 50, 75, 100, 125, and 150 
percent of the recommended water which was 64, 93, 122, 151, and 180 grams, respectively. 
Placed them each on a flat surface in front of a fan then turned on the fan to see if the air 
generated would blow the product away. The fan in question had three settings so we tested 
each of the water levels at the lowest, middle, and highest fan settings. What we found was 
that regardless of the setting the product was not blown away. So up to the maximum level of 
the fan and potentially more there was resistance to the wind. The experimental setup for the 
wind test is in Figure 11 (below). 
Figure 11: Pictured above is the experimental setup for the wind test. 
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The final test that we had was to see how the product would react when placed in 
prolonged sunlight. For this test we began by mixing approximately 7.26 grams of the snow 
product with 50, 75, 100, 125, and 150 percent of the recommended water which was 64, 93, 
122, 151, and 180 grams, respectively. We then placed each trial in an open container and put 
it in front of an east facing window then switched it to the west facing window so that the 
product got as much sun as possible. What we found was the for the 50, 75, 100, 125, and 150 
percent recommended water trials there was notable changes in appearance after 2, 4, 5, 7, 
and 9 days, respectively. We then decided to add water back to the samples and found that 
each of the them was capable of absorbing water. Unfortunately, they did not return to the 
snow like appearance that they had at the beginning of the UV test, instead, they had a clumpy 
appearance. Figure 12 through Figure 14 (below) show the progression of the sunlight tests. 
After finishing this test, we concluded that the snow product can lose water to evaporation, but 
if the customer simply sprinkles the product with a practical amount of water then the product 
will return to the point that it looks like snow and can last a bit longer. If the customer waits too 
long to rehydrate the product then it will take on a clumpy appearance that can only be fixed 
with further mixing. After finishing all of the tests for the environmental factors we found that 
the NaPA can potentially last for the goal time of between 1 week and 2 weeks if the customer 
waters the product once or twice within that time. It also shows that the product has the ability 
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to withstand the type of conditions that we would expect from a warmer climate, such as the 
southern United States.  
Figure 12: Pictured above was taken before the sunlight test for all the water percentages 
 
Figure 13: Pictured above was taken 10 days after the sunlight test began for all the water 
percentages 
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Figure 14: Pictured above was taken 10 days after the sunlight test began for all the water 
percentages and additional water was added to each. 
In order to test the ease of application we tried to think of applicators that would 
efficiently apply NaPA to someone’s yard as this was the area of most concern. We wanted the 
applicator to be something that could be used with things that most people typically have in 
their garage, such as a compressor or a hose. We knew that the product looked best when 
water was added and then stirred so attaching something directly to the hose was not practical 
as the snow product would not have the time to fully absorb enough water to look like snow. 
For this reason the main focus became using compressors to spray the mixed product. After 
some thought, the group decided to test a texture gun. A texture gun is used to apply drywall 
mud compound to walls. The mud compound has density slightly greater than the snow 
product so we assumed that it would work well. We conducted our test using an AirMate 
125psi maximum compressor, WALboard TexturePro texture gun, and varying water amounts 
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to a single amount of the snow product. We began by mixing 1 cup of product with 3 quarts, 
the recommended 4 quarts, and 5 quarts of water. We then filmed ourselves spraying a small 
area with each of the water to product amounts with each of the three nozzles. What we found 
was that the largest nozzle was the most efficient of the three and the efficiency decreased 
with decreasing size from there. We also measured the flowrate of each the nozzles at the 
recommended water to snow product ratio. The amount of time to spray 1 quart of product for 
the smallest, middle, and largest nozzle sizes was 120, 80, and 60 seconds, respectively. 
Therefore, we found that using a texture gun was not a practical applicator. The problem with 
this applicator is that texture guns make it so only small splatters will come out of the gun at 
one time, therefore the air comes out in front of the hopper filled with the snow product. 
Something that should be tested is the use of a texture gun like apparatus were the 
compressed air is released before the hopper. This would make it possible to cover a more 
significant amount of area in the same amount of time and could be easily produced. Figure 15 
and Figure 16 (below) are the texture gun and the nozzles, respectively. 
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Figure 15 and 16:  Above (from right to left) is the texture gun used in our experiment and the 
three nozzle attachments. 
The second applicator started off as our null hypothesis in this experiment because it 
was simply mixing the product in a bucket then dumping it out on the ground. It was by far the 
fastest option compared to the texture gun and it looked like 3 inches of snowfall. However, it 
would involve spreading the product out in some way like with a rake. The conclusion that we 
can draw from the applicator experiment is that a slightly different blower design would likely 
be best because it would give universal spray across a certain area as opposed to the bucket 
which require someone to spread it out.  It is also true that almost everyone will have a bucket 
and less people will likely have a compressor so in that regard the bucket would be better.  
In conjunction with the apparatus testing we wanted to determine what depth of snow 
now would be best. We did this by dumping the snow product onto the ground and measuring 
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the depths that were most practical. We found what we considered to be what we would call 
the standard, premium, and gold coverage where the depth is one sixteenth to one eight inch, 
half an inch, and one inch, respectively. This allowed us to determine the amount of coverage 
for 1 cup of product, which was approximately 86, 16, and 8 square feet for the standard, 
premium, and gold coverage, respectively. This would give the customer an idea of how much 
product they will need to cover the amount of yard that they would want.  
The final thing that we needed to determine was how quickly one could pick this 
product up off of a lawn. In order to test this we poured a bucket of the product onto the 
ground and let it sit for a week. Eventually the product returned to its bead shape and basically 
disappeared. This means that it was extremely easy to clean up if you wanted the product to 
last about a week. If you were wanting to only use this product for a short amount of time it 
would be a good idea to lay down a plastic sheet so that it could be readily picked up and 
disposed of in the trash. The information that we can draw from this experiment is that this 
product can be extremely easy to pick up in either of the cases as long as someone prepares for 
the amount of time that they want to have snow on their lawn. What we can draw from all of 
the environmental tests is that NaPA could definitely be used to cover one's yard for about a 
week. The application may be a little more difficult than expected but we think a modified 
texture gun apparatus would fix this problem. Also, the pickup is easy and it looks great. 
One of the basic rules of chemistry is that form follows functions which means that the 
structure of a chemical species will often indicate how it will function. This rule applies to NaPA 
and its structure ultimately gives it its absorption capabilities. NaPA is made up of a long 
repeating chain with the chemical formula of [CH2-CH(COONa)-]n. When it is in its dry state the 
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positively charge sodium will be bonded to the negatively charged oxygen atom on the 
carboxylic acid. The entire polymer chain will also be curled in upon itself so that it will 
ultimately have a greater density than if it were spread out. When NaPA is dissolved in water 
the bond between the sodium cation and the oxygen anion breaks. The water simultaneously 
forms hydrogen bonds with the oxygen anion and the sodium cation. The hydrogen bonds will 
begin to unfold the polymer chain increasing its volume and perpetuate the growth because as 
the polymer chain opens further hydrogen bonding sites become available so that the volume 
continues to increase until the polymer is saturated. This mechanism allows the NaPA polymer 
to absorb between 100 to 1000 times its own mass. Making it extremely useful for several 
commercial applications such as health products, agriculture, and sanitation. 
The separation process of the NaPA and the water is simple as the mechanism in the 
previous paragraph is highly reversible. NaPA is basically a salt so just like sodium chloride the 
salt can be recrystallized when the water is evaporated away. As the water leaves, the sodium 
cation will again bond to the oxygen anion and begin to curl upon itself, returning it to its initial 
condensed shape. 
We found a study titled, “Rate of Swelling of Sodium Polyacrylate” that determined the 
reaction kinetics of the dissolution mechanism by examining the swelling of the NaPA using 
gravimetry, microscopic observation, and calorimetry. Using the tea-bag weight method, 
picture analysis, and calorimetrical analysis, respectively for NaPA particles that were 100 to 
250 micrometers in diameter. Unfortunately, the gravimetry took readings too slowly so it was 
not useful for finding the reaction kinetics but I will describe the other two methods in detail. 
For the picture analysis, NaPA was set on a slide glass of a microscope connected to a video 
P a g e  | 23 
 
tape recorder (VTR) and distilled water or solutions were poured on the NaPA from a 
hypodermic needle (Ocawa, Yamano and Miyagawa). The volume changes of the NaPA were 
videotaped. By replay at low speed on the VTR, the changes of diameter of the NaPA were 
measured. The volume changes were calculated by assuming that the particles were spherical 
and then using the volume equation for a sphere. For the calorimetric method, the heat of the 
swelling was measured with a twin isoperibol calorimeter (Tokyo Riko Model TIC-22). The 
schematic display of the calorimeter is shown in Figure 17 (below). The symmetrical twin Dewar 
vessels were in an aluminum block that had a large thermal capacity. One of the cells is for the 
reference and contains water of the same weight as that of the sample, and the other is for the 
sample. After the system had reached thermal equilibrium, the sample was rapidly mixed into 
70 mL of distilled water or solution by breaking the ampule. The calorimeter was assumed to be 
adiabatic, and the heat of the swelling was calculated from the calibration curve of the standard 
heat. The time constant τ of the heat leak of the system was 1.37 x 10-l s-l. Ultimately, the study 
found that dissolution followed first order kinetics with a rate constant of 0.1 s-1, and the 
activation energy of the swelling was 46.0 ± 6.2 (kJ/mol). This is unsurprising as the mechanism 
is quick and the reaction is simple. 
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Figure 17: Schematic display of the isoperibol calorimeter. 
 Since we did not have to produce the NaPA we have had very few assumptions. The 
main assumptions were that our product would exhibit some of the same characteristics of 
water and that the particles of the NaPA were perfectly spherical. Since NaPA absorbs 100 to 
1000 times its own weight in water we assumed that it would exhibit the characteristics of 
water. This assumption was proven to be mostly accurate in our environmental experiments 
because it acted as water would when we applied temperature changes. However, there were a 
few differences. First, it seemed to have a slightly greater viscosity because it does not flow as 
readily as water on its own though it was close enough that we could use the texture gun as an 
applicator. This was expected because the combination is a gel rather than a liquid. Second, the 
combination did not allow the water to evaporate as quickly as it would have when we tested 
its resistance to sunlight. This is likely due to the hydrogen bonding between the water and the 
NaPA. The second assumption was mainly due to how the NaPA particles appear as they absorb 
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water others have made the same assumption as in the kinetics experiment. The NaPA acted as 
we expected it to so we think that our assumptions were accurate. 
 The solution procedure in order to make this a viable business option is to purchase the 
NaPA in bulk from several sources, alter the product so that we can sell it without facing legal 
retribution, market it to people willing to spend 30 to 100 dollars on decorative snow in places 
that typically do not have snow in the winter, sell this target group sets that contain the 
product, a bucket, a plastic sheet, and an applicator, and have them self-apply the material 
following instructions. The best thing that a small business would do is start small perhaps by 
buying a single shipment of NaPA in bulk then altering it by repurposing it to work as an 
outdoor decoration. Then market the product to the target audience using online and phone-
based platforms. Sell the product in a do it yourself set with the NaPA, a bucket, a plastic sheet, 
and either with the applicator design suggested above or by using the bucket included as the 
applicator. Include instructions as to how the customer should apply, maintain, and cleanup the 
NaPA. Though we think that the NaPA will work for the desired intentions more testing is 
required for the suggested applicator design and how the product reacts to more humid 
environments. The NaPA fits almost all of the necessary considerations since it is inexpensive, 
has easy cleanup, and is resilient to several environmental factors. However, the ease of the 
application could potentially be improved than the two applicators that we tried, and it is worth 
looking into. A general flowsheet of this process can be seen in Figure 18 (below). 
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Figure 18: Flowchart of business model. 
 In summary, our base case could theoretically work. Through our environmental testing 
we found that the product could last on the upper end of 9 days due to its resistance to heat, 
cold, wind, and sunlight. We found that the applicators work but might be slower than some 
people would be willing to take the time to do themselves so that would need to be improved 
or potentially outsourced depending on the size of the yard. Selling a package with all of the 
necessary materials including the NaPA, the bucket, the plastic sheet, and the applicator to 
apply the NaPA outside could potentially be different enough so that you could both operate 
without legal retribution and stand out amongst the other NaPA snow products that already 
exist. Further testing will need to be done, and it will likely need to happen through other 
sources. 
 
Design Alternatives – Jacob Strong 
The main alternatives for this design are related to the applicator or application process. 
Due to the product’s good resistance to heat, cold, wind, and sunlight it is a suitable product to 
be used in an outdoor setting. As such, the other chemicals we examined should be evaluated 
as alternatives to the product, or considered as unsuitable for this type of project. 
 




Another option for the material to be used as artificial snow would be a paper-based 
product. A paper-based product would look fairly similar to snow based on various products 
that are currently on the market. One example of this is C90, which is manufactured by the 
company Snow Business. Unlike the polymer product, tests were unable to be conducted on a 
paper product due to difficulty in acquiring a product to test. The positives and negatives of a 
paper-based product can be inferred since a paper-based product would have similar 
properties to general paper. With regards to the four tests that were conducted, the most 
significant issue would be experienced with wind. The polymer product is fairly heavy due to it 
having to absorb water to form the artificial snow, so it was not really affected by wind. The 
paper product on the other hand would be much lighter and much more susceptible to wind, 
and most likely would blow around with a light wind. Heat and cold should not be much of a 
problem since paper is not affected much by either, unless under extreme circumstances like 
fire. Sunlight could be an issue depending on the exact composition of the product, and it could 
breakdown over time or if exposed to extreme sunlight. For example, if you leave colored paper 
out in the sun for an extended period of time it becomes bleached and turns a lighter color. 
Even though this product is white, a discoloration could occur and worsen the look of the 
product. A test that was not necessary with the polymer product but that would be necessary 
with a paper-based product would be a test to see water’s effect on the paper product. This 
would be the largest problem of a paper-based product. While paper does not necessarily get 
destroyed due to water or humidity, it becomes wrinkled when it dries and can be easily torn 
P a g e  | 28 
 
apart. Because of the target area, the southern United States, humidity, rain, and morning dew 
would be main sources of water and would be the most probable things to damage the 
product. A solution to this would to treat the product with a chemical that can water proof it. 
The issue with that method though is finding a suitable chemical that is environmentally 
friendly, non-toxic, and still allows for easy cleanup. The constraints that these kinds of 
products would meet are looking like snow, being easily removable, and being able to 
withstand high temperatures. The area where this product does not meet the constraints is 
with secondary applications as a paper based product would be too fragile to protect plants in 
any capacity.  
The other type of material that was considered for this project was a foam-like product. 
A specific foam product that was considered is Santa Snow. (Figure 20) Santa snow utilizes an 
aerosol application process, and uses n-butane and propane as the propellants.  
                                                                    








Santa Snow consists of seven main chemicals: 
Table 1: List of ingredients/chemicals in Santa Snow 
Ingredient Function 
Water Solvent / Diluent 
Sorbitan Tristearate Emulsifier / Stabilizer 
Calcium Carbonate Main Component 
Propane Propellant 
Butane Propellant 
Sodium Nitrite Corrosion Inhibitor 
Oleic Acid Lubricant / Corrosion Inhibitor 
 (Santa® Snow 13oz – 4990506) 
And the overall mass percentage of ingredients is: 
Table 2: Weight percent of components used in Santa Snow 




Sorbitan Tristearate 1-5 
Calcium Carbonate 1-5 
 (Santa Snow, SDS) 
P a g e  | 30 
 
Tables 1 and 2 differ from each other with respect to sodium nitrite and oleic acid. This 
is because of the function of the ingredients. Sodium nitrite and oleic acid do not contribute to 
the product after it leaves the can. Both of those ingredients are included for the sake of the 
metal container. Since the can is pressurized, corrosion inhibitors are important. They are 
important due to the pressurized can and the increased chance of the can and its contents 
exploding. If there is a weakness in the can due to corrosion, the product will become unsafe 
and will cause issues. Overall this product is relatively safe with the main hazard coming from 
the can and the contents being pressurized. To lessen this hazard the can should not be left in 
an environment where the temperatures exceed 130 oF and mechanical impact to the can 
should be avoided (Santa Snow, SDS).  
As Table 2 shows, the main ingredient, calcium carbonate, only account for 1-5 weight% 
of the overall mass of the product and water accounts for the majority of the weight, 75-80 
weight%. This is apparent in the application of the product. When sprayed the product gathers 
in a small mound that has a similar look shaving cream and is very wet. When looking at the 
directions on the can, it suggested a wait time of 5-8 hours for the product to dry. In addition, 
the largest size that this product comes in is an 18 oz. can. This is definitely not enough for use 
on a lawn and multiple cans would need to be used. More cans being used means that the 
consumer will need to spend more money to buy enough to cover their yard and it will increase 
waste overall. 
Applicators 
The main issue for application of this product is the stickiness of it when water is added. 
While not sticky like glue or tape, sodium polyacrylate does stick to glass and skin a little bit and 
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is somewhat difficult to get off. As discussed in the base case though, there were not any issues 
due to stickiness in the application of the product, so it was not as much of an issue as thought. 
This opens up the possibility of other applicators since the product can be applied easier than 
previously assumed. 
Since this product will be used as an outdoor lawn decoration, there is a possibility of 
using a home sprinkler system to help apply the product. In this process, the product would be 
applied dry to a lawn, and then it would be hydrated with water using a sprinkler system. Home 
sprinkler systems are designed to water a whole yard which means that all of the applied 
product can be adequately hydrated. Another plus of this application system is that the 
watering can be put on a schedule, so the product can be constantly rehydrated and the 
product can be used for a longer period of time. An issue though with this particular process is 
that the hydrated product will not look as realistic as it would if it was mixed prior to applying 
it. As seen in previous experiments, allowing the product to absorb water without mixing 
creates a more slush like product as well as hard spots where the dry product clumped up. 
(Figures 21 and 22) The clumping would affect the overall look of the product and would not be 
up to the standard look set by mixing before applying. 
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Figure 21: Sodium polyacrylate crystals before hydration 
 
Figure 22: Sodium polyacrylate after hydration with no mixing 
Containment 
As previously stated, after the addition of water the product somewhat sticky and has a 
small particle size that makes it more difficult to cleanup when hydrated. This stickiness could 
lead to the product sticking to surfaces outside the application area. A solution to this is have 
the product contained in some manner to make it easier to cleanup. While this is not ideal and 
can affect the appearance, it may be necessary to make the product attractive to consumers. 
The simplest way to contain the product would to place a tarp over the desired area of 
decoration and apply the product on to the tarp. When it is time to dispose of the product the 
tarp could be lifted up and the product could be brushed off into a trash can, or the tarp could 
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be thrown away with it. The main issue with this method would be with appearance. The 
product is intended to be used outdoors on lawns, which means that the desired result is to 
have it look like there is snow on the ground. The tarp would affect this as it would affect any 
irregularities in the lawn like hills or small depressions. While this is not a major issue that 
would take away from the value of this product it is a negative aspect to this method.  
Instead of using a traditional tarp that has properties more similar to plastic, 
landscaping fabric would be a better alternative as a containment/cleanup method. 
Landscaping fabric is typically used for protection for plants, barriers for weeds, and barriers for 
mulch. The fabrics are designed to allow water and nutrients through them which helps prevent 
grass from dying while the product is covering it. The particular fabric seen in Figure 23 is white 
which would aid in making the product appear white like snow. Cleanup of this would be simple 
since it does not allow large solids through it, so as long as the product clumps up like in Figure 
13 the fabric could be picked up with the product on it and disposed of appropriately. A 
downside to this is that landscaping fabric is an added cost to the product. While it is only 
around $22 for a 6-ft by 50-ft length (Seeds), multiple would need to be bought, which can add 
on a significant cost. 
 
Figure 23: Landscaping fabric from Pinetree Garden Seeds 
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Permitting & Environmental Concerns 
No special permits or regulatory licenses are needed for this project. Common 
categories of these licenses include agriculture, environmental protection, health & safety, 
transportation, public land, and large-scale projects. Since our business model doesn’t fall into 
any of these categories, we will not need any of these licenses. However, the business name 
will still need to be registered, and a Wyoming small business license, along with other relevant 
state permits, will need to be acquired. In addition, we will need to obtain a copyright or 
trademark for our product. Since numerous businesses already repackage and sell sodium 
polyacrylate in bulk, we need to prove that our product is different and novel enough. Not only 
in case another party claims copyright infringement, but also to help set our business apart. 
The environmental concerns are minimal for this product. The product itself is non-toxic 
used in everything from agriculture to diapers. There are also no major adverse environmental 
impacts. Since NaPA is highly absorbent, it can’t readily permeate or accumulate in soil, 
groundwater, or aquafers. However, it can clog sewer systems, so it’s recommended to dispose 
of NaPA in accordance with local waste disposal laws. The only real environmental concern is 
the actual manufacture of this product. Since it’s a polymer, the energy and waste generation 
of its production is roughly equivalent to that of plastic production. 
 
Safety & Risk Management 
Given the project, a traditional HAZOP would not be appropriate to asses any safety 
issues associated with this project. Instead, this modified HAZOP will focus on health and safety 
issues based on NaPA’s respective safety data sheet. 
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Sodium polyacrylate is non-toxic, the LD50 in rats is greater than 5g/Kg. The only health 
issue associated with the compound is eye irritation. NaPA is non-flammable, however, water 
or a traditional fire extinguisher can be used in case of one. Normal firefighting procedures 
should also be followed. NaPA is also non-reactive, however, it should not be stored near 
strong oxidizing agents, carbon oxides, and sodium oxides, as all of these can cause the 
compound to decompose. In short, NaPA is almost completely harmless. The only major 
concern is eye-irritation, which can be easily fixed by flushing the eye out with water, and can 
be easily avoided by washing your hands, wearing goggles, or wearing gloves. 
Based off the above, the major safety issues associated with the product are common 
sense things, such as avoid eye contact and avoid ingestion. On our side, we need to take care 
when packaging the sodium polyacrylate, because as mentioned, it can cause eye irritation. 
Along those same lines, consumers need to take care when applying the product. NaPA can also 
become a slip hazard under certain conditions. At lower temperatures, NaPA essentially turns 
into droplets of ice, so consumers need to be careful when walking on any flat surfaces. In 
addition, containers of the product should be completely locked and stored in a cool, dry place. 
Due to its absorbent properties, NaPA expands greatly when in contact with liquids. An insecure 
container has the potential to burst if not closed properly, and while that’s not an immediate 
hazard, it certainly can become one. Unfortunately, there is not much we can do design wise to 
mitigate these issues. The most we can do is put give the product proper safety labels and hope 
for the best. 
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Project Economics – Jacob Strong 
Due to the unconventional nature of this project, the economics section focuses mainly 
on ideas that would make this product a viable, competitive product in the market. The market 
for artificial snow for decorative purposes appears to be fairly well established already. Just 
looking up artificial snow on the internet will yield multiple results of the same, or similar 
products from multiple companies. The two main products on the market appear to be polymer 
based artificial snow, and aerosol based foam products.  These products though are mostly 
intended for indoor purposes and to be used in relatively small amounts. The goal of this 
project is to have an outdoor product that is used in large quantities. What would make this 
product stand out from other competitors is this goal. Since there are not many outdoor 
products, putting a product on the market means that there will be little competition at the 
beginning. The longer the product is on the market though, the more competition there will be, 
especially since it is a fairly simple and widely available product. To make this product 
competitive a unique or novel aspect needs to be incorporated to the base product.  
While the intended uses for this product would set it apart from competitors, people 
could still just buy larger amounts of similar products and use those in place of our product. 
Because of that, it is necessary to develop another aspect to make it more unique. The first way 
that this could be done is by changing the chemical composition of the actual product to a more 
unique composition. While this would be an option for a large company, the scale that this 
company be would not have the time or resources to produce and new, novel chemical, or to 
alter it in a significant way that would make consumers want to purchase it over another 
product. If they were to take the time to do this, the profitability of the business would be poor 
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and less than if they did not do this. The other, more practical ways to make it competitive are 
with the applicator/application process, how the product is contained on the ground, and the 
cleanup process. All of these factors do not need to be unique, but at least one should be 
unique enough so that it sets it apart from competing products. The specifics of these are 
addressed in the Base Case and Design Alternatives section in this report, so the main emphasis 
in this section will be on how these can be beneficial or harmful to the overall competitiveness 
of the product. 
For the artificial snow products that already exist there are not many that require 
applicators beyond an aerosol can. With the specific product that was tested there is no 
applicator and it has the consumer spread it by hand. While this is sufficient for small indoor 
usage, it can be a more difficult and tedious method during application for outdoor use, and 
that is why an applicator or application process for this product is beneficial. With the main 
time frame of usage of this product being in the winter around Christmas, the product will 
realistically only be used once a year. This creates a large problem with regards for an 
applicator. Since the product will only be used once a year that means a specialized applicator 
will only be used once a year, or more depending on the consumer. If the applicator is used 
once a year, then it will need to be relatively inexpensive as an expensive applicator will be 
unattractive to a consumer due to the fact that it only has one use and is used only once a year.  
That then begs the question, should the applicator have multiple uses, or should it be 
based on an applicator that already has other uses? Having a multi-use applicator would 
increase the value of the product and be less expensive than a specialized applicator due the 
manufacturing process of the applicator already being well established. Creating a novel 
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applicator would specialize this product and make it less likely to have competition, especially if 
the applicator or the application process was patented. As previously stated though, a novel 
applicator would most likely be more expensive, and if it is specialized for only this product, the 
value of it decreases. The best scenario is creating a novel applicator with multiple uses. This 
would make the product unique enough to have less competition, but still have enough 
alternate uses to make it valuable and worth purchasing. The question then becomes, what will 
the applicator look like, and what other uses would it have? Because its primary use would for 
decoration, its secondary use should be related to a process that is similar to applying the 
product. In addition, the applicator needs to be effective enough that using a similar applicator 
would not have nearly as good of results when applying the product. Similarly to creating a 
novel chemical, creating a novel applicator may be difficult for a small company, so repurposing 
or modifying an existing applicator would most likely be the most effective. 
The worst part of having Christmas decorations or decorations in general is taking them 
down and/or disposing of them. The value added to this product from an efficient and easy 
clean up method would only be second to the value added by having an applicator. Currently 
we have observed that the product essentially goes away after time and disposes itself without 
need for people to clean it up, but due to a lack of extensive long term testing we cannot be 
completely certain that this is true. Based on other observations, as the product loses water it 
clumps up into hard crystal structures. (Figure 13) If this clumping occurs frequently then a 
cleanup method would be necessary. Fortunately, the relative lack of danger from this chemical 
makes cleanup simple and safe. One way that this could be achieved is using a shopvac to 
vacuum up the dried up product. This would require the consumer to have a shopvac which 
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may not be reasonable depending on the area of the country. Another way could be getting a 
rake will teeth that are close together and raking it up. The issue with this method though is the 
time it will take to rake it up. Realistically though, creating a unique cleanup process is 
secondary to the other issues of this product due to the ease of cleanup that has been observed 
so far. In addition, it would not add a large amount of value to the product because the cleanup 
process would be too simple to warrant an increase in cost. 
Being able to contain this product would also set it apart from similar products and 
make it more competitive. Since the application area are lawns, consumers would want the 
product to be only on their lawn, so there can be a need for containment device or method. 
Currently, other products do not offer any sort of containment method or product, so there is 
not really any competition in that market. Besides developing a containment method; 
marketing it, and convincing people that it is something that they need would be the most 
difficult aspects of a containment method. While it would be useful, a containment method is 
definitely not the most important aspect of the product. The best scenario for this would to 
create a containment scenario that can clean up the product at the same time as removing the 
containment method. Having a containment method that doubles as a cleanup method would 
make it much more attractive to consumers since they could clean up two things at once. 
A more creative way to make this product is to sell it as colored snow. Even though 
snow is white some people may want to make it more exciting and color it. While this would 
require market research to actually see if people would want it, it can be considered as a 
possibility for the time being. Simple colors would sell best like, red, blue, green, etc. Some 
colors that should most likely not be considered are brown, black, gray, and yellow. Brown, 
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black, and gray as colors for snow would be visually unappealing and would most likely not sell 
well. Yellow snow speaks for itself in why it would be a bad decision for this product and does 
not make much sense to consider as a viable option. 
With NaPA being sold in bulk anywhere from $42 to $57 dollars for five pounds there is 
a little bit of room to alter the price. What will add on to the price though would be the 
addition of the bucket and the sheet. Also, since the distribution of the product will originate in 
Wyoming there will also be shipping and transportation costs. Since this product’s main use is 
for decoration, the price should not be exorbitant. Roughly estimating, the price of the product 
should most likely be around $85. This could be viable, but it depends on how it is marketed 
and the consumer. $85 for a decoration is a little expensive, but if it is marketed to people in an 
area that can afford it, then it would be an attractive product. The issue then becomes profit. 
With this price the profit will most likely be fairly small, so the price would need to be increased 
or the price to purchase the materials for the product would need to be less than it is currently 
to be economically feasible. In the long run, the feasibility of this project will depend on the 
price of the materials for the product. 
 
Global Impacts of Sodium Polyacrylate – Mohammad Aldhefiri 
Introduction  
The use of the super absorbent polymer sodium polyacrylate (NaPA) in this project brings 
with it several global and local concerns. These range from the effects on the environment caused 
by the production of the material to effects of the product itself on the soil and water. In this 
section, we will look at these effects. 
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Environmental Impacts of Production 
Sodium polyacrylate is currently produced from fossil feedstock in conventional refineries 
and mainly used in the manufacture of a varied number of hygiene related products. An 
alternative method using byproducts from paper (pulp) mills has been investigated as a more 
environmentally friendly way of production as compared to fossil feedstock (Gontia and Janssen 
475). The implication is that the bio-based manufacture is likely to appeal to the market in the 
near future. The two main aspects of this strategy for developing a sustainable product are: a) 
substituting a renewable feedstock (bio-based) with the current non-renewable one, and b) 
reduction of the direct impact on the environment as a result of the production. 
The bio-based method involves the conversion of the fermentable sugars found in the 
pulp to 3-hydroxypropionic acid (3-HP) using genetically modified yeast (Gontia and Janssen 475). 
This methodology has the added advantage that it can help save the paper industry, which is 
suffering a diminishing economic value due to high energy and fiber prices in addition to the 
decrease in the consumption of paper (Gontia and Janssen 476). 
The authors of the study (Gontia and Janssen) used a Life Cycle Assessment (LCA) to judge 
the varied products and processes to determine the environmental impacts. The sodium 
polyacrylate manufactured in bio-refineries were compared to the non-renewable, fossil-based 
product using the LCA method. The factors used in the LCA were: (i) global warming potential, (ii) 
eutrophication potential, (iii) acidification potential, and (iv) photochemical ozone creation 
potential. The study included all aspects of the bio-based production, including the 
forestry/logging activity, the pulp mill operation, and polymer production as well as the auxiliary 
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processes such as feedstock and chemical transportation (Figure 1). The specifics within the pulp 
mill are outlined in Figure 2.  
 
Figure 1:Schematic of the bio-based production of NaPA, from Gontia and Janssen (476) 
 
Figure 2: Schematic flowchart of the production of sodium polyacrylate form the two different 
types of paper mills, as outlined in Gontia and Janssen (477) 
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The results of the LCA indicate that the bio-based method of production has a lower global 
warming potential than the fossil fuel method, as measured by the amount of CO2 emitted. 
However, the other factors (eutrophication, acidification, and ozone) were higher for the bio-
based NaPA than for the fossil fuel based polymer, indicating that it is not an environmentally 
sound methodology (Gontia and Janssen 479). However, the authors do suggest that the 
development of high-yield yeast may improve the process and that the bio-based technique has 
the advantage of using a renewable feedstock and it does take advantage of waste streams from 
the paper plants (Gontia and Jannsen, 483). 
Effects of Sodium Polyacrylate In Water & Soil/Vegetation 
Sodium polyacrylate polymer has varied impacts on both water and soil, extending from the 
preservation of moisture in soil, water purification, improvement of degraded lands, boosting 
drought resistance in irrigated crops, reduction of water stress in plants, mitigation of the effect 
of salinity and heavy metals, and improvement of soil fertility (Huttermann et al. 517). 
 NaPA helps in water purification through the removal of heavy metal ions. Heavy 
metals are very harmful to both the environment and human beings due to their high toxicity, 
bioaccumulation and non-degradable nature. Removal of these pollutants from water can render 
it safe for domestic and agricultural use. The polymer is comprised of acrylic acid, which has a 
high adsorption affinity for metal ions dissolved in water. Polyacrylate is made up of hydrogel 
networks with a porous structure that permits the quick absorption of solutions and reduces the 
opposition to mass transfer. Furthermore, it is a weak acid that is capable of forming coordination 
bonds in its basic form with several heavy metal ions such as copper (Cu2+) (Yu et al. 5799). 
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Therefore, the addition of sodium polyacrylate (NaPA) to aqueous solutions will trigger the 
adsorption of heavy metal, thereby improving its purity.  
 Land degradation is a major challenge worldwide, due to the increase in the desert 
areas. Degraded lands are characterized by a loss of organic matter and increased soil erosion, 
which limits the productivity of such lands (Huttermann et al. 517). The improvement to the 
degraded land is achieved through sodium polyacrylate's ability to increase water retention in 
upper soil layers in irrigated crops, thus boosting drought resistance. Moreover, hydrogel 
arrangement present in the polymer and its porous swelling nature boosts water storage, which 
in turn increases the soil fertility and reduces water stress in plants. Water stress is the condition 
in which plant lack adequate water for metabolism. (Huttermann et al. 519).  
 The polymers have been found to have no effect on soil microbial families in the 
forests floors, which make them ecologically sound. Additionally, some soil microbial organisms, 
such as the white-rot fungus, disintegrate acrylate polymers into useful soil nutrients for use by 
plants (Huttermann et al. 522). Increased nutrients in the degraded lands trigger high rate of 
plant growth, which boosts the ground cover and reducing soil erosion to increase productivity. 
Health Implications 
On a positive note, sodium polyacrylate is a non-toxic compound (NIH). However, as 
stated on the Safety Data Sheet for the compound, it is can cause irritation when it comes into 
contact with the eyes, skin, or when it is inhaled or swallowed. The WHMIS, NFPA, and HMIS all 
classify it as a category 2A eye irritant. For that matter, it is recommended to wear protective 
clothing or devices when dealing with this chemical to minimize chances of such irritations (Safety 
Data Sheet). 
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Conclusions and Recommendations – Mohammad Ali 
    The project’s core objective is to come up with a product which can be used as 
artificial snow in places where snowfall is not a common phenomenon. Additionally, the 
product needs to be affordable and friendly on the environment. The main goal is to develop 
the snow product that work well with the environment. Out of several possible materials to be 
chosen, we chose sodium polyacrylate due to its overall excellent properties. Sodium 
polyacrylate passed various tests set to determine the viability of its use in making the snow 
compound. A different option for the polymer material for the snow product would be a paper-
based product. The paper-based product would have a look resembling the snow products 
currently on the market. It was difficult to conduct tests similar to the polymer due to the 
difficulty in accessing the product. The product used by the project are readily available for 
purchase. Sodium polyacrylate stands out as it has the best combination of properties to come 
up with the snow product effectively. The product can attract consumers in the bid to create a 
snow-like experience at home especially on the gardens and lawns. Sodium polyacrylate can be 
mixed with water and sprinkled over a large area effectively. The product is friendly, hence can 
be effectively used without any problem.  
The project didn’t proceed as ideally as we would have wanted. There were several 
challenges that we came across. Firstly, the inaccessibility of the products to be tested was a 
real obstacle in our research to find which product should be used. We used sodium 
polyacrylate but the decision was made majorly on theoretical grounds. We would have 
appreciated the physical testing of each product separately to get a thorough and an accurate 
result. However, all clouds have a silver lining. We had the assistance of several people with 
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background on this topic and without them we could not have done this project. Additionally, 
the allocated budget was more than enough for us to carry out our experiments and the project 
as a whole. 
 The project findings and activities help in drawing conclusions towards creating a snow 
product which is effective for the sale in the market taking into account the economic and 
environmental considerations. The sodium polyacrylate polymer is effective for both the 
consumer and the producers. The project undertakings were keen enough to warrant consumer 
satisfaction. The consumer can apply the product using various applicators to spread the snow 
polymer over a large area. The system of application is effective as the water can be applied to 
the compound consistently to ensure that the product stays hydrated for the desired period of 
time to maintain the snow like look on the ground. Additionally, sodium polyacrylate performed 
admirably under all conditions; cold, heat, wetness, etc. This highlighted that sodium 
polyacrylate will not disintegrate when used in warmer temperatures and hence it is the ideal 
selection for the snow product. 
The product can be more competitive in the market by modifying the applicator to 
surpass the available forms. The composition of the product is simple enough to make it easy to 
imitate in the market. Thereby, in a large commercial capacity the manufacturer ought to 
consider the applicator in place to have competition in the market. The scope of work segment 
on the paper is a justification of the effectiveness of the composition of the product. Hence, 
under a substantial budget unlike the one on the project, further enhancements can be made 
on the product to warrant its performance in the market and meet the set of demands by the 
consumers. The consumers can use the product for decorations especially during Christmas in 
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areas that do not experience snow fall during the winter season. The removal of the product is 
easy making it efficient in the process. A containment technique would also come in handy as 
the product is designed for lawn consumers. Most of the available products in the market lack a 
containment means. Further investigation into the study will help come up with a product 
which effectively meets the needs of not only the consumers but also the producers. Below is a 
discussion which explains what can be done to improve the product in the future. 
Before we could finalize sodium polycrylate as our material to be used, we researched 
its effects thoroughly for health and safety purposes. Sodium polycrylate exhibited excellent 
water retention capability along with superabsorbent qualities. The superabsorbent qualities of 
sodium polycrylate help in water purification as it can absorb heavy metal ions which pollute 
the water  (Yu et al. 5799). The water retention capability can help counter the incessantly 
increasing land degradation across the world. Sodium polycrylate can retain immense amounts 
of water and this allows it to be used it areas where water is scarce, most notably deserts; 
thereby, reducing barren lands.  
However, sodium polycrylate also had some negative effects. Although it is a non-toxic 
compound, SDS showed that it caused irritation when it comes in contact with the eyes or the 
skin. It also caused breathing problems if swallowed. Hence, it is recommended to use 
protective gear when in close proximity. 
 
Future Work – Mohammad Ali 
Specifically, since this is just a model, it will be important to come up with a viable 
system of producing them in bulk. Therefore, in future, we intend to commercialize the 
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production of snow now to be able to cater for all customers intending to use the product.  
First, the material will have to be tested further to determine whether the product can be 
appropriate for outdoor use. For instance, an alternative material for the artificial snow can be 
a paper-based. 
One of the major proposals for future work would involve the type of applicators to be 
used. In the large-scale manufacturing, the selection of the applicator plays an important role in 
the way the product can be applied. Customers would prefer to have an applicator that does 
not give them a hard time. Again, it should be able to give good results when applied to 
surfaces. For this particular project, we would recommend the use of a home sprinkler since the 
product would mainly be used in outdoor lawn decorations. In this case, the home sprinkler 
would be used after the application of the product whereby it will be hydrated. An advantage 
of this system design would be that the product will adequately be hydrated which will make it 
look good. Again, since the hydration process can be scheduled, it will ensure that the product 
can be used for a long time since it is constantly rehydrated. The downside of the use of this 
applicator is that it does not produce the desired look on the product. As a matter of fact, it 
may experience some form of clumping and overall, it would not appear to be the required 
standard as it appears when the mixing is done before its application.  
Again, it would be recommended to contain the product in a specific way that will make 
it easier to clean up the area. Most of the times, the addition of water to rehydrate the product 
makes it hard to clean up after usage. Containing the product will not only make it easier to 
clean but also appeal to customers hence increase the purchasing chances. An example of 
containing the product would involve the use of tarp. In this case, the tarp would be placed 
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over the area to be used then the product is applied on the tarp. When one intends to clean up 
the area, it would be easy because it can be thrown away with the tarp or it can be brushed off 
into a trash can. However, the use of traditional tarp would not be the most appropriate 
because of the general appearance more so when in outdoor decorations. For this reason, it 
may be appropriate to use landscaping fabric instead. These allow water and nutrients pass 
through them hence make the product look good. With this containing method, the cleanup 
process is also easy. However, the negative of the landscaping fabric is that it is expensive. 
Therefore, for customers who are not worried about the cost, this would be the best option.  
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Appendices – Jacob Strong 
Appendix I – Raw Data/Observations 
Heating 
- 50% recommended water – No color change, no mass loss, no smell, no change in 
volume 
- 75% recommended water – No color change, no mass loss, no smell, no change in 
volume 
- 100% recommended water – No color change, no mass loss, no smell, no change in 
volume 
- 125% recommended water – No color change, no mass loss, no smell, no change in 
volume 
- 150% recommended water – No color change, no mass loss, no smell, no change in 
volume 
Cooling/Thawing 
- 50% recommended water – No color change, no smell, freezes similar to water, no 
change in appearance after thawing 
- 75% recommended water – No color change, no smell, freezes similar to water, no 
change in appearance after thawing 
- 100% recommended water – No color change, no smell, freezes similar to water, no 
change in appearance after thawing 
- 125% recommended water – No color change, no smell, freezes similar to water, no 
change in appearance after thawing 
- 150% recommended water – No color change, no smell, freezes similar to water, no 
change in appearance after thawing 
Wind 
- 50% recommended water – No movement at any of the angles tested 
- 75% recommended water – No movement at any of the angles tested 
- 100% recommended water – No movement at any of the angles tested 
- 125% recommended water – No movement at any of the angles tested 
- 150% recommended water – No movement at any of the angles tested 
UV/Sunlight 
- No degradation was observed after nine days in sunlight. Only observed change in the 
product was from loss of water 
 
